Background: For a large part of the active pharmaceutical ingredients (APIs) available on the market, there is no or no comprehensive environmental risk assessment (ERA) existent/available. Existing ERAs are, moreover, treated as commercially/industrial confidential information (CCI) and the information content on the ERAs contained in the Public Assessment Reports is very limited. Thus, neither the public can inform itself sufficient nor environmental authorities can use the ERAs to compile environmental quality standards. Environmental information law, on the other hand, requires the general accessibility of environmental information. Against this background, this investigation examines the following questions in conformity with the environmental information law: Which environmental information on pharmaceuticals is generated in the marketing authorisation? Which of the environmental information generated in the marketing authorisation is available to the public? Does the environmental information on pharmaceuticals concern CCI? Results: According to international and European environmental information law, there is in principal a right of access to the ERAs of pharmaceuticals (environmental information according to Art. 2(3)(b) Aarhus Convention), which is ineffective due to product-based data and allegedly conflicting CCI. The practised blanket classification of CCI by the marketing authorisation holders is in conflict with the principle of transparency of environmental information law. In any case, the outcomes of the ERA (in particular the ecotoxicity endpoints) may not be classified as CCI. Furthermore, the publicly accessible information in the format of the Public Assessment Report does not sufficiently reflect the information from ERAs and thus does not fulfil the mandate of active access to information (Art. 5 Aarhus Convention). The conflict between the actual accessibility of environmental information on pharmaceuticals and the requirements of environmental information law could be resolved through an API-based publicly accessible database with the outcomes of the ERAs (including all underlying ecotoxicity endpoints). To fulfil the right of access to environmental information effectively, the database also needs to be extended to "old" APIs for which environmental risk assessments have not yet been carried out. This would be the basis for prioritisation of API and establishing a monograph system.
Background
The pollution of surface water and drinking water with pharmaceuticals is an increasing global problem [1, 2] . More than 630 active pharmaceutical ingredients (APIs) are present in the environment above the detection limit [2] . Nevertheless, the effects of pharmaceuticals residues on environmental compartments have not yet been comprehensively investigated [3] . There is a lack of data for a reliable assessment [4] [5] [6] . 88% of pharmaceuticals targeting human proteins do not have comprehensive environmental toxicity data [7] .
Environmental risk assessments (ERAs), including environmental toxicity data, play a key role in the entire substance management process beyond marketing authorisation: They are the basic prerequisite for prioritisation [8] , for subsequent risk mitigation measures and monitoring measures in sectoral environmental protection and thus ultimately the prerequisite for a systematic reduction in the exposure of pharmaceuticals to the environment. However, even existing/comprehensive ERAs are insufficiently used for systematic reduction. In particular, there is a lack of information exchange between the authorities for the establishment of environmental quality standards (EQS). In fact, for reasons of confidentiality, the determined effect values are generally not passed on to environmental authorities, e.g., for environmental monitoring [9] .
One of the most important factors directly affecting the existence and availability of data on environmental risks of pharmaceuticals is the statutory data generation and dissemination obligations.
Two different regulatory frameworks deal with information on environmental risks of pharmaceuticals. On the one hand, pharmaceutical authorisation law directly addresses the placing of pharmaceuticals on the market and generates and disseminates product information within the marketing authorisation procedure. On the other hand, the provisions of general environmental information law cover with all information relating to the environment without referring to specific hazardous substances. These regulations require that public authorities should have environmental information at their disposal that is relevant to their tasks (Art. 5 Aarhus Convention [10] ) and that this information is also publicly available (Art. 4 and 5 Aarhus Convention).
The aim of this study is to investigate whether the authorisation procedure meets the requirements of environmental information law for the generation and availability of environmental information.
Marketing authorisation procedure
Information on pharmaceuticals is generated through the marketing authorisation procedure, which is regulated at EU level by Directive 2001/83/EC [11] [human medicinal products (HMPs)] and Directive 2001/82/EC [12] [veterinary medicinal products (VMPs)]. The latter will repeal on 28.01.2022 by Regulation (EU) 2019/6 [13] . There are four different kinds of authorisation procedure in the EU:
1. The centralised procedure in which pharmaceuticals are authorised in the entire EU simultaneously. This procedure is the responsibility of the European Medicines Agency (EMA) and is regulated by the Regulation (EC) No 726/2004 [14] . It is only available for new and high-technology pharmaceuticals, in particular for those that contain new APIs for the treatment of, e.g., cancer, diabetes, and orphan diseases or for particularly innovative pharmaceuticals. 2. The mutual recognition procedure in which a pharmaceutical is evaluated and approved by a Reference Member State in accordance with the national procedure followed by a consideration of the assessment report of the Reference Member State by other Concerned Member States. 3. The decentralised procedure in which the applications are submitted simultaneously to the Reference Member State (which is responsible for the procedure and the evaluation) and Concerned Member States. 4. The national procedure in which the pharmaceutical is authorised in one Member State only.
The core element of marketing authorisation is the generation of reliable and conclusive data/information on the risk and efficacy by the applicant and an authorisation decision based on this by the approval authority [15] .
According to Art. The aforementioned legal provisions of secondary law are naturally limited to the description of the regulatory framework in an abstract-general form, from which, however, no obligation of the applicant to submit certain test results can be derived [16] . The situation is different when the EMA guidelines on the ERA of HMPs [17, 18] and VMPs [19, 20] (EMA guidelines) are taken into account. These guidelines enable a uniform evaluation and specify for which types of marketing authorisation and to what extent an ERA must be carried out. They also include detailed scientific and technical instructions for the preparation of ERA documents, including concrete test procedures. These ERA guidelines are to be classified as "soft law" with a quasibinding character [21, 22] .
The EMA guideline of HMPs entered into force in December 2006 and is currently being revised. For VMPs, an EMA guideline for Phase I already exists since 1998 [19] . However, the guideline for Phase II did not enter into force until 2005 [20] . As the applicant's obligations to indicate potential environmental risks were not sufficiently specified without the guidelines, ERAs in the form and in the detail required by the guidelines can only be claimed from applicants, since the guidelines entered into force [23, 24] . On the basis of the dossier, the approval authority must prepare an assessment report, which is to be made available to the public after deletion of the commercially/industrial confidential information (CCI) (Art. 21(4) Directive 2001/83/EC; 25(4) Directive 2001/82/EC; Art. 47(3), 49(11), 51(11) Regulation (EU) 2019/6). In summary, there are two documents drawn up concerning the environmental risk of the APIs: The assessment document of the ERA created by the applicant and submitted to the approval authority and a corresponding assessment report of the authority. In the following, these documents are referred to as ERA and official assessment report.
The main substantive authorisation criterion is a positive risk-benefit balance of the pharmaceutical (Art. 26 (19) (b) Regulation (EU) 2019/6)) and can consequently also lead to refusal of authorisation. In addition, the new regulation explicitly mentions the adequate consideration of environmental risks as a prerequisite for authorisation (Art. 37(2)(i) Regulation (EU) 2019/6).
Environmental information law
The regulatory framework of environmental information is laid down at international level in the Aarhus Convention, at European level in the Environmental Information Directive (EID), and at national level in the German Environmental Information Act (UIG) [25] .
Free access to environmental information is intended to create an informed public which, on the basis of sufficient information, can ensure objective control of environmental management and thus help to identify and remedy deficits in decisions, policies and planning in environmental matters [26] . The term 'environmental information' is broad in scope. Among other things, this includes "factors, such as substances, […] affecting or likely to affect the elements of the environment […] . "(Art. 2 No. 3 lit. b Aarhus Convention; Art. 2(1)(b) EID). The ERA and the official assessment report are information on substances (APIs) that are likely to affect the environmental elements water and soil.
It is the basic objective of the Aarhus Convention and the EID to ensure the widest possible availability and access to environmental information (recital 16 of the Aarhus Convention, Art. 1 EID). Environmental information law establishes access to information in different ways and it parallel lays down two essential obligations for the public authorities:
1. The obligation of public authorities to provide information on request and the corresponding right of the public to seek information from public authorities is stipulated at Art. 4 Aarhus Convention, Art. 3(1) EID). In principle, every person has the right of access to environmental information without having to state an interest (Art. 4(1) Aarhus Convention; Art. 3(1) EID). The information shall be made available as soon as possible and at the latest within 1 month of receipt of the application by the authority (Art. 4(2) Aarhus Convention; Art. 3(2)(a) EID). Only in the case of complex and extensive claims for information, environmental information law allows the possibility of extending the time-limit. Such an extension shall be justified to the applicant (Art. 4(2) Aarhus Convention; Art. 3(2)(b) EID). The blanket indication of an overload of the authority is not sufficient [27] . An extension of the time-limit due to the need to consult affected third parties [e.g., marketing authorisation holders (MAHs)] is partly rejected in literature [27, 28] and politics [29] . In any case, however, the authority must inform the third party of the current legal time-limits and take appropriate procedural steps to comply with them [27] . The time-limits are mandatory [30] .
The right of access to environmental information lays down that the disclosure of information should be the general rule and that public authorities may refuse access only in specific and well-defined cases (recital 16 of the EID). These cases are enumerated in Art. 4(3)(4) Aarhus Convention, Art. 4(1)(2) EID. Environmental information law also stipulates that the reasons for refusal must be interpreted restrictively and that the public interest in disclosure must be weighed against the interest in confidentiality (Art. 4(4), second sentence Aarhus Convention; Recital 16, Art. 4(2), second subpara EID). For this reason, each individual case requires a determination, evaluation, and weighting of the conflicting interests (public information interest vs. ground for refusal). Of particular importance for this investigation is the CCI as ground for refusal, since the environmental information on pharmaceuticals originates primarily from the pharmaceutical companies themselves and is generated there by elaborate studies (see below). In this context, the paper examines in particular whether the environmental information on pharmaceuticals concerns CCI of the MAHs. 2. The obligation to collect and disseminate information requires public authorities to possess and update information relevant to the decisions and measures which they take without the need for a specific request (Art. 5(1)(a) Aarhus Convention) [31] . A corresponding right of the individual does not exist. In correspondence with the individual right of access to information, this obligation ensures that the public can effectively pursue its claim to access environmental information and obtain a solid information base [32] . Only the availability of environmental information at the authorities ensures that the individual's right of access does not fail [26] . In addition, certain environmental information, including for example risk assessments on water and soil, has to be updated and actively and systematically disseminated to the public, in particular via the Internet (Art. 7 (2) (g) EID). The ERAs of pharmaceuticals assess the risk posed by APIs to water and soil, so that they are to be classified as risk assessments within the meaning of Art. 7(2)(g) EID.
Methods
The paper focuses on the question of the availability of environmental information on pharmaceuticals, measured against the requirements of environmental information law. In particular, the following questions were investigated:
1. Which environmental information on pharmaceuticals is generated in the marketing authorisation? 2. Which of the environmental information generated in the marketing authorisation is available to the public? 3. Does the environmental information on pharmaceuticals concern MAHs' CCI?
An analysis of the pharmaceutical approval law-based on a legal interpretation and literature review-should show which environmental information is generated by the marketing authorisation procedure. The enforcement of this legislation, i.e., administrative practice, has been reviewed to determine which of the environmental information generated on pharmaceuticals is publicly available. To this end, the right of access to environmental information has been used as an instrument. A formal request for access to environmental information to the competent authority in Germany for the authorisation of HMPs [The Federal Institute for Drugs and Medical Devices (BfArM)] and to the competent authority in Germany for the authorisation of VMPs [Federal Office of Consumer Protection and Food Safety (BVL)] should identify the accessibility of environmental information in the pharmaceutical sector as an example for an EU Member State.
On the one hand, access was requested API-based, i.e., for 19 HMP-APIs (Sulfamethoxazol, Trimethoprim, Ciprofloxacin, Doxycyclin, Amoxicillin, Clarithromycin, Erythromycin, Azithromycin, Florfenicol, Flumequine, Oxolinsäure, Oxytetracyclin, Sarafloxacin, Sulfadiazine, 17-alpha-Ethinylestradiol, 17-beta-Estradiol, Diclofenac, Ibuprofen, and Iomeprol) and for 14 VMP-APIs (Sulfamethoxazole, Trimethoprim, Ciprofloxacin, Doxycyclin, Amoxicillin, Clarithromycin, Erythromycin, Azithromycin, Florfenicol, Flumequine, Oxolinsäure, Oxytetracyclin, Sarafloxacin, and Sulfadiazin). On the other hand, access to environmental information on specific products was requested in Germany and only products for which an ERA was known to be included in the application dossier were selected (Tables 1 and 2).
The APIs considered were selected, because they are listed on the first [33] and/or second [34] watch list of Water Framework Directive, they have been detected in particularly high concentrations in the environment [2] , or they are APIs from the group of antibiotics which were focussed by the project PharmCycle [35] because of the high consumption of antibiotics as human and veterinary pharmaceuticals, their occurrence in aquatic ecosystems [2] , and the problem of antibiotic resistance [36] .
The selected medicinal products were authorised only under the decentralised or mutual recognition procedure, so that national authorities grant the authorisation and the information generated by this authorisation is available only to those national authorities. A corresponding application to the EMA as the approval authority exclusively for the abovementioned centralised authorisations was, therefore, out of the question. In addition, the information systems on pharmaceuticals to be maintained by the national medicines agencies and the information system of the Heads of Medicines Agencies (HMA) [37] were analysed for the availability of environmental information on the above-mentioned pharmaceuticals. Based on a comparison of the data availability generally required according to the environmental information law with the data availability determined for the pharmaceutical sector, concrete deficits were identified and finally solution options were discussed.
Results

Which environmental information on pharmaceuticals is generated in the marketing authorisation?
During the authorisation process, two documents containing environmental information are generated for one pharmaceutical: The ERA created by the applicants and a corresponding assessment report of the approval authority. There are two different kinds of ERAs. On the one hand, there is an extensive dossier with ideally complete ERA studies (comprehensive ERA); on the other hand, the ERA is limited to a justification for not submitting ERA studies.
Justification for not submitting ERA studies
Instead of a complete ERA with ecotoxicity and environmental fate data, a justification for not submitting ERA studies can often be submitted with the marketing authorisation application, especially for HMPs (see Tables 3 and 4 ). Despite this problem identified in the concept paper on the revision of the EMA guideline for HMPs [38] , the revised EMA guideline for HMPs does not sufficiently determine the substantive requirements to be met by this justification. In this respect, the EMA guidelines merely specify the requirement to take into account a possible significant increase in the environmental impact of the active substance. The guidelines do not specify a limit value for the increase here, but only list examples for which a significant increase can be assumed (see Tables 3 and 4, row 3) . Tables 3 and 4 provide an overview of the cases in which a comprehensive ERA is required and the cases in which a justification for not submitting ERA is sufficient.
As a result, ecotoxicity and environmental fate data are regularly available only for new approvals from 2006 (HMPs) and 2005 (VMPs), for VMP generics from 2005 and possibly also for HMP generics in the future. Since, in case of variations and extensions, only the change is assessed and renewals in particular explicitly do not have to be evaluated, no complete data sets can be generated subsequently using this method either. Also in this respect, the marketing authorisation of pharmaceuticals deviates from the marketing authorisation regimes of the other environmental chemicals.
Comprehensive ERA
As with the risk assessments of other environmental chemicals under REACH Regulation [41] , Biocidal Product Regulation [42] , and Plant Protection Product Regulation [43] , ERAs of pharmaceuticals require data on exposure, fate, and effects in the environment.
An exposure estimation [predicted environmental concentration (PEC)] must always be carried out for pharmaceuticals; it represents the so-called phase I. Fate and effect studies including the derivation of PNEC and a risk characterization (PEC/PNEC) form phase II. These data need only be generated if the PEC determined in Phase I exceeds a trigger value or if the APIs are of particular concern due to their mechanism of action or physicochemical properties, namely endocrine active substances and antiparasitics (HMPs) or antiparasitics for animals reared on pasture (VMPs).
Estimation of exposure-phase I In phase I, a rather rough exposure assessment for surface waters or soil is carried out. This is done according to the revised EMA guideline for HMPs and the EMA guideline for VMPs using a decision tree. In the case of HMPs, the decision tree is dedicated in particular to the different types of authorisation, in the case of VMPs to the different areas of application and ends in both cases with a calculation of the PEC. If the PEC SURFACEWATER determined accordingly is equal to or above 0.01 µg/L (trigger value HMPs) or the PEC SOIL is equal to or above 100 μg/kg (trigger value VMPs) or the EIC AQUATIC is above 1 µg/L (trigger value VMP aquaculture), a risk for the environment is assumed. Consequently, a further test (phase II test) must be carried out. In view of the possible effects of the mixture of various APIs in the environmental compartment and the chronic effect of lower concentrations, it is questionable whether the trigger values mentioned are too high, taking the precautionary principle into account [6] . In the literature, there are recommendations for lower trigger values [0.004 µg/L (trigger value HMPs) or 1 µg/kg (trigger value VMPs)] [44] . In its first guideline for the evaluation of HMPs, the EMA also reserved the right to revise the trigger value based on acute toxicity data when a sufficient amount of chronic data is available [18] . The rough exposure estimation can be refined step-by-step in phase II.
Phase I of the marketing authorisation results in some products being exempted in practice from the obligation to prepare a complete ERA and thus to generate effect studies, i.e., ecotoxicity data. In the case of authorisation procedures carried out in Germany (i.e., Germany is a Reference Member State or a national authorisation), 15% of HMP and 37% of VMP assessments end in phase I [45] .
Environmental fate and effect assessment-phase II The aim of Phase II is to determine the concentration of a substance below which no adverse effects in the environmental compartment are to be expected (PNEC). First, the "intrinsic" toxicity is estimated on the basis of standard data (Tier A). When a risk is identified in Tier A, a Tier B assessment with PEC refinement and if warranted fur-ther effect studies should be performed. In substance, the applicant shall generate a pool of information from which a "quantitative data set" for the derivation of PNEC values for each exposed environmental area shall be created. The framework of the data set is defined in the EMA guidelines. These are primarily ecotoxicological standard tests with standard OECD endpoints (growth, mortality, and reproduction), which are also required in REACH Regulation, the Biocidal Product Regulation, and the Plant Protection Product Regulation. For example, both the EMA guidelines [17, 20] and REACH Regulation (point 9 of Annexes VII and VIII of the REACH Regulation) require a base data set for aquatic toxicity with the species algae, daphnia (invertebrates), and fish (vertebrates) as representatives for all three trophic levels. While chronic effects are required for HMPs, "because the emission of pharmaceutical residues into surface water is continuous" [17] , acute effect data are primarily to be generated for VMPs, as their inputs are diffuse and pulsed.
To determine the PNEC, the effect endpoint determined experimentally in laboratory studies is divided by an assessment factor. This takes into account the degree of uncertainty in the extrapolation from a limited number of test species to complex ecosystems in the actual environment and from short-term to long-term toxicity and accounts for, inter-species variations in sensitivity, intra-species variability, and laboratory data to field impact extrapolation [17, 20] . However, the assessment factors do not take into account summation effects of different APIs in the environmental compartment [46] .
Since effects on growth, mortality, or reproduction of environmental organisms are to be expected when concentrations are exceeded, PNECs are important values in the context of hazard prevention (for industrial chemicals, see [47] ). In addition, they are the base for deriving environmental quality standards (EQS) for API for surface water and other environmental compartments.
Risk characterisation
The procedure for the characterisation of the risk of API (risk quotient approach) is implemented for the majority of substances within the EU regulation, according to toxicological-scientific procedures and irrespective of its intended use [48] . The risk characterisation is the product of the exposure, fate, and effect assessments. According to the risk quotient approach, the risk quotient (PEC/PNEC) indicates the occurrence of adverse environmental effects. If the risk quotient is ≥ 1, there is a high probability that an effect will occur. If the risk quotient is < 1, a risk is not excluded, but unlikely [17] . This scientifically based identification of the risk does not yet say anything about the political normative classification of the risk in the categories acceptable and unacceptable. This only happens in a further, evaluative step. Only at this subsequent level, social and political considerations can be taken into account, such as, e.g., purpose or benefit [48] .
Product-based ERAs
In contrast to REACH Regulation, Biocidal Product Regulation, and Plant Protection Product Regulation, the creation and administration of ERAs for pharmaceuticals is exclusively product-based and not API-based, i.e., each applicant generates all data independently for his product. Although with the ERA for pharmaceuticals, as with biocides, plant protection products, and industrial chemicals, the environmental risks of the API contained in the product are focussed in the assessment, not the product itself. This creates the potential for different environmental information to be generated for an API. The extent of the tests to be performed and the result of the risk characterization depend on the one hand on the product-specific calculated PEC, which can vary considerably from product to another (in particular due to product-specific daily maximum doses or, in the case of VMPs, additionally due to target animal species). On the other hand, the specified test procedures may be waived in individual cases with appropriate justification. Consequently, ERAs with the result "risk" and also with the result "no risk" may be available for an API, as shown in Table 5 for the API Ibuprofen as an HMP example.
In addition, the product-based ERA has the potential to underestimate the overall environmental risk for an API (regardless of HMP or VMP) if it is used to treat multiple clinical diseases with a high prevalence. If the different products have different applications, these are treated separately and may not address a total PEC (see for HMPs [7] ). This means that there is neither a cross-product nor a harmonised assessment of the environmental risk for an API.
Literature data
For APIs already on the market, published scientific literature can or should (the new ERA guideline for HMPs in Section 6.1 explicitly calls for "a comprehensive literature search" [17] ) be used instead of generating one's own data [17, [49] [50] [51] . The term "published scientific literature" implies that the literature should be freely accessible and published by a reputable source, preferably peer-reviewed [51] . The literature studies should be reliable, valid, and their design should be comparable with the study designs recommended in the EMA guidelines, e.g., classification according to criteria for reporting and evaluating ecotoxicity data (CRED) [17, 52, 53] . Finally, the principles of good laboratory practice (GLP) should have been respected [17] .
In addition to using peer-review literature, it is also possible and desirable to submit data and study reports from other MAHs. MAHs which have already prepared relevant studies and applicants are invited to cooperate with their competitors in the exchange of existing data or the development of new ERA data [17, 24] . PAR, reviews, or summaries of data from other legal frameworks must not be used without the underlying study reports in the ERA dossier [17] . Furthermore, a reference or use of the studies contained in the original dossier is only possible if a letter of access is submitted [17] . This prohibition of referral and use applies both to applicants and to the competent authorities [24] , an automatic cross-reference to ERA data is not possible [50] . In any case, the "foreign" information (study reports or peer review literature) can only be used as a substitute study if it contains a sufficient amount of data and sufficient details on the design and conduct of the studies to allow an evaluation of the reliability and quality of the studies performed and a complete and independent assessment of the pharmaceutical [17, 24] . The Notice to Applicants of VMPs [24] and the new draft EMA guideline of HMPs [17] explicitly stated that endpoints or a published summary of an assessment cannot be used by other MAHs to substitute for the autonomous production of an ERA.
Which of the environmental information generated in the marketing authorisation is available to the public? Request for access to environmental information
The authors applied to the respective competent national approval authorities for access to ERAs and the corresponding official assessment reports on 19 HMP and 14 VMP-APIs. The competent authority for HMPs rejected access to the ERAs available for the 19 HMP-APIs on the grounds that they had no information on substances but only product-based environmental information. According to the authority, one has to search for environmental information on each individual product using various programmes. There would be no supporting filter or search function, rather all existing database entries for a product would have to be clicked and searched. A total of 5092 products would be listed under the 19 HMP-APIs. The search and compilation of all available ERAs for the 19 APIs would have led to such a high level of material and personnel effort that this would not have been covered by the right of access to environmental information. One would expect up to 9 months of administrative work and would reserve the right to charge the costs for each of the 5092 products to the author.
In substance, this means that access to environmental information for pharmaceuticals is only granted, if at all, for single products. In this respect, administrative practice differs significantly from that for other environmental chemicals for which environmental information is available on an active substance basis (cf. database on the website of the European Chemicals Agency (ECHA) [54] ). For the authors and thus for consumers/scientists/ authorities in general, it is already not transparent for which product on the market in a Member State there exists an ERA. According to the search described above, only the approval authority has access to this information. This results in immense obstacles for the preparation of the request. In addition, only the total emission of the API of all products is decisive for the environmental risk; only the API (not a single product) can be detected in the environment.
The interest in this environmental information cannot be satisfied by the isolated consideration of an ERA for only one product. This is because the PEC calculated in the ERA does not usually represent the total emission of all products with the same API. The PEC varies particularly depending on the maximum daily dose, which can vary considerably from product to product. In addition, the ERAs available for an API do not reflect the ideal case of identical ecotoxicity data in accordance with the guidelines. Rather, the ERAs are generally not in a harmonised format, show differences in the type of ERA (justification for not submitting ERA studies/comprehensive ERA), in the quality and quantity of the studies and a variance in the decisive PNEC values. This is demonstrated, for example, by the assessments made available by the approval authority for HMPs on two different HMPs contained the same API (ethinylestradiol) in the same dose (0.03 mg/tablet).
After Phase I and a total of 8 pages, one of the two HMPs comes to the following conclusion: "The environmental risk assessment […] , demonstrates that the PEC-SURFACEWATER values for CMA and EE [ethinylestradiol] are below 0.01 μ/L, and no other environmental concerns are apparent. Therefore it is assumed that the medicinal product is unlikely to represent a risk for the environment following its prescribed usage in patients. "
The ERA of the other HMP, consisting of Phase I and II, comprises 83 pages and comes to the opposite conclusion: "The ecotoxicological evaluation comes to the conclusion that concentrations of ethinylestradiol high enough to cause adverse effects actually can be reached in surface waters, that ethinylestradiol belongs to substances with environmental relevance, and that ethinylestradiol belongs to the known highly active compounds with predicted no effect concentrations below 10 ng/L. Ethinylestradiol is expected to pose a risk to the aquatic environment, especially to fish populations. "
This heterogeneity of the ERAs to an API is also confirmed in the literature [6, 55] . Therefore, the isolated consideration of an ERA for a product is not representative of the risk of the total amount of substance approved. Rather, reliable statements about the total emissions of the API and their risk as well as the validity of the effect values can only be made with the aid of an overall view and analysis of all existing risk assessments for an API. For the identification and elimination of potential deficits in the marketing authorisation of pharmaceuticals, but also in the subsequent monitoring of APIs in sectoral environmental law, therefore, it is essential to analyse the entire information data set on an API. Even for access to environmental information on single products, the administrative burden was still so high that it was not possible to comply with the obligatory time-limits set by environmental information law. Although an extension of the time-limit beyond the 2-month period is not even possible under environmental information law, the approval authority for VMPs announced this inadmissible extension in advance, in particular with reference to an extensive consultation procedure with the MAH. The approval authority for HMPs did not react at all for over 3 months, so that a so-called action for failure to act was admissible before the national Administrative Court and was filed by the author. Only after almost 9 (approval authority for HMPs) or 5 (approval authority for VMPs) months were the requests finally decided. In contrast to requests for information to the EMA, there is a lack of guidelines for the consultation of MAHs in the procedures for national authorisation authorities. For the former, the EMA has ruled that the MAH shall have a time-limit for reply which shall not be less than 5 working days and which shall enable the EMA to comply with its own time-limits for reply. It also stipulates that the EMA may decide on the notification even without a statement by the MAH if the MAH does not reply within the given time-limit [56, 57] .
The author was only given access to the requested information if the MAH had expressly agreed to the disclosure beforehand. Moreover, both requests were rejected. The main reason cited for this was affected CCI. The classification of whether and to what extent CCI are involved was carried out by the MAH itself during the consultation. Some MAHs blacked out information in the ERAs; most of them completely refused access. This blanket classification by the MAH was complied with by the authorities without examination. The necessary weighing of the public interest in information against the interest in secrecy of the MAH was carried out according to the authorities, but was not presented to the author in a comprehensible manner. In practice, the confidentiality interest of the MAH in most cases will prevail over the public interest in transparency. Because of the possibility of making a mistake in the weighing of interests at the expense of the MAH and thus exposing themselves to expensive official liability claims, the authorities will in all likelihood always rather accept such a mistake in the weighing of interests at the expense of the public, whose violated interest could at best be an immaterial one. This means that there is in fact always a weighing failure.
In summary, access to environmental information is granted only for single products. In the absence of information availability and a regulated MAH consultation procedure, the specified time-limits for access to information are exceeded many times over, with the result that the authorities are in fact unable to comply with the procedure laid down by environmental information law. In practice, the high costs involved prevent access to the necessary API-based data collections. This is contrary to the principle that fees must not hinder the effective exercise of the right to information [58] . It is not the authorities but the MAH who decide which parts of the ERA and the assessment report concern CCI and, therefore, are not made accessible, so that even a claim to access to the outcomes of ERAs (PEC and PNEC values) exists under current administrative practice only with the consent of the MAH. Overall, the rule exemption relationship between transparency (access to information) and secrecy (rejection), as laid down in international and European environmental information law, is reversed in the pharmaceutical sector.
Administrative information systems on pharmaceuticals
The obligation to collect and disseminate information laid down in Art. 5 Aarhus Convention; Art. 7 EID, according to which, inter alia, ERAs are to be disseminated via public telecommunications networks, is also not sufficiently taken into account in the pharmaceutical sector. ERAs of pharmaceuticals as such are not retrievable in electronic databases-neither study summaries nor endpoints or PEC/PNEC values. Environmental information is only disseminated, if at all, in the form of Public Assessment Reports (PARs), which are prepared by the competent national authority of the Reference Member State [59] [60] [61] . The European public assessment report (EPAR) is only prepared for centrally authorised pharmaceuticals (Article 13(3) of Regulation (EC) No 726/2004) and therefore is not subject of this investigation.
The inclusion of environmental risks in the PAR is expressly stipulated neither for HMPs nor for VMPs. For HMPs, reference is made only to the results of the pharmaceutical and pre-clinical tests, the clinical trials, the risk management system, and the pharmacovigilance system (Art. 21 (4) , which provides concrete recommendations for the ERA assessment [63] . In particular, a summary of the main study results (including the PEC value and all ecotoxicity endpoints) should be included in table format in the PAR.
In the case of VMPs, the PAR should take into account the safety and residue tests, which also include the ERA The PAR is to be made available to the public after deleting any information of a commercially confidential nature by the competent national authority (Art. 21 (4) Directive 2001/83/EC, Art. 25(4) Directive 2001/82/EC, Art. 47(3), 49(11), 51(11) Regulation (EU) 2019/6). It was indicated that, in practice, however, the draft PAR would be sent from the authority to the MAH, who carries out the deletion of the CCI independently. According to the BIO-Intelligence study, this is also confirmed by national approval authorities [6] . As a result, the MAH also determines the degree of transparency of environmental information within the framework of the active information obligation.
It has been shown that for the majority of the pharmaceuticals examined, PARs are available both in the national Internet information portal (PharmNet) and in the Internet information portal of the HMA (MRI-Product Index). The EMA database, which is also publicly accessible via the Internet, only contains information (EPARs) on pharmaceuticals that have been centrally approved. For the HMPs and VMPs covered by this investigation and in principle for pharmaceuticals with so-called "old" APIs, the EMA database does not contain any information [64] .
The national information systems are not standardized and partly there is only the possibility to search for the product name, which can be different from one member state to another [6] and hinders to get an overview over the ERA of an API. In addition, the search functions/ databases are predominantly configured in the national language (for example: France [65] , Italy [66] , Portugal [67] , and Sweden [68] . In addition, there are considerable differences in the quality and quantity of the PARs, inter alia, depending on the Reference Member States [6] .
The database of the HMA and the published PARs are available in English. However, with regard to the available environmental information, there are no differences in content between the database of the HAM and the national database as the same PARs are published.
The databases are product-based, so that for every single pharmaceutical that contains the examined API, it is necessary to search for each PAR and its ERA. For all HMPs and VMPs for which access to environmental information was requested and which are also on the market in Germany, the public national database (Pharm-Net) was searched for environmental information on the APIs examined. Table 5 shows the results of this research.
For some pharmaceuticals, the corresponding PARs are located under another pharmaceutical with the same API. For the above-mentioned HMPs, for whose API ethinylestradiol environmental risks have been identified, for example, no PAR is available in the database. For onethird of the examined pharmaceuticals, no environmental information is available at all. Most of the PARs contain a chapter called Ecotoxicity/Environmental Risk Assessment. For 13 of the HMPs examined, this chapter indicates that the ERA is incomplete or not accepted. For example, for some HMPs contained the API ibuprofen, the complete Phase II should have been submitted by 15 Nov. 2010. However, the chapter "Ecotoxicity/Environmental Risk Assessment" has still not been supplemented-more than 8 years later-although sensitive endpoints (NOEC 0.1 µg/L) for the API ibuprofen have meanwhile been documented in the public literature [69] .
The environmental information contained in the PARs is very heterogeneous overall and is available only in the form of summaries with limited information content. They usually consist of only some of the following (summarised) sentences, without showing underlying data:
-*The applicant provided the necessary ecotoxicological studies.* -*The product is not expected to pose a risk for the environment when the product is used as directed.* -*Warnings and precautions as listed in the product literature are adequate to ensure safety to the environment when the product is used as directed.* -*In Phase I, the PEC SURFACEWATER is below the action limit, so no further assessment is required.* -*In conclusion, in Phase II, all risk quotients are below the trigger value, so it is unlikely that the pharmaceutical poses a risk for the environment.* -*The applicant provided an ERA Phase I/an ERA Phase I and II/a revised ERA based on literature studies for the API/with a new study for the API.* -*The ERA is in compliance with the relevant guideline and showed that no further assessment is required.*
In some cases, the PARs also provide statements about a remaining environmental risk. In a second sentence, however, this risk is usually relativised by a sentence such as "It is expected that the pharmaceutical will not pose a risk to the environment when used as directed". In addition, there is sometimes conflicting information about the risk of an API. For example, 8 out of a total of 31 PARs (with a chapter called Ecotoxicity/Environmental Risk Assessment) reviewed for the API ibuprofen state that there is no risk to the environment, while 17 reports in the PAR stated that there is a risk to the environment or at least that it cannot not be excluded. Of course, the risk quotient depends on the dose and its derived PEC, which might explain differences, but this does not emerge from the PAR. Thus, a more transparent and holistic approach and presentation for the same API is necessary and underlying data should be shown. Some exceptions of PARs contain PEC and PNEC values. To find such information, however, dozens of pharmaceuticals must be searched. The 58 pharmaceuticals researched by the author included three PARs containing PEC and PNEC values.
In summary, there are considerable obstacles for the public to access environmental information via the databases. The environmental information available there is in part obsolete, incomplete, or contradictory. Getting concrete PEC and PNEC values for certain API is an exception. Overall, the public cannot derive a reliable picture of the actual environmental risk of pharmaceuticals from the publicly accessible information systems. This situation is incompatible with the active information obligation of environmental information law, which explicitly requires the updating and dissemination of ERAs.
Does the environmental information on pharmaceuticals concern MAHs' CCI?
The reasons for refusal of access to information, i.e., also the term CCI, must be interpreted restrictively within the framework of environmental information law (Art. 4(4), second sentence Aarhus Convention; Art. 4(2), second subpara EID). The term CCI is not legally defined, but Art. 4(4)(d) Aarhus Convention, Art. 4(2)(d) EID contain the restriction that it must be a matter of legitimate economic interests. In addition, when interpreting the terms in accordance with Art. 4(4), second sentence Aarhus Convention and Art. 4(2), second subpara, second sentence EID, the public interest in disclosure must be taken into account in each individual case. The EMA has formulated the aim specifically for the pharmaceutical sector to ensure the widest possible access to the documents in its possession [57] .
The criterion of "legitimate" interest is intended in principle to ensure objective verifiability to prevent arbitrary secrecy of information which is not objectively confidential [26, 28] . A legitimate interest is to be assumed above all if the disclosure of the relevant information would be suitable to make exclusive technical or commercial knowledge available to competitors and thus adversely affect the competitive position of the involved MAH [28, [70] [71] [72] . In any case, the information in question must be objectively relevant to competition [73] .
A blanket classification by the MAH, consequently, cannot be sufficient to trigger the proviso on secrecy. Otherwise, in the pharmaceutical sector, the MAH could arbitrarily undermine the public's right to information. Therefore, there is a need for substantiated evidence from the entrepreneur of a requirement for secrecy or rather competition relevance [74] and correspondingly an obligation on the part of the authority to review and to state [26, 32] . This requirement is implemented exemplarily by the REACH Regulation: According to this, the confidential treatment of certain information on substances must first be applied for and justified by the registrants (Art. 10(a)(xi) REACH Regulation) and finally accepted as valid by the approval authority (Art. 119(2) REACH Regulation). Such a preliminary examination is unknown to pharmaceutical approval law, so that the classification in each individual case must be carried out by the authority obliged to provide information by means of an interpretation. The provisions of the REACH Regulation and general principles from the Agreement on Trade-Related Aspects of Intellectual Property Rights (TRIPS) [75, 76] can be used for this purpose.
The author's request has shown that the approval authorities in practice assume that competitors can use the ERA documents for approval applications while saving their own resources. In the context of authorisation decisions, this assumption would subsequently mean that all documents generated by the MAH in principle would have to be assumed to have a legitimate interest in confidentiality. Regardless of whether and how in the concrete authorisation procedure an unfair commercial use of disclosed data is possible at all. In the case of environmental information generated within the framework of authorisation procedures of substances, the right of access to information in principle would be undermined. The "principle of transparency with reservation of secrecy" anchored in environmental information law is converted by this practice into a "principle of secrecy with reservation of disclosure".
Due to the obligation to interpret the reasons for refusal restrictively, not every economic disadvantage of any kind may result in a refusal to provide information [77] . Therefore, it must be demanded that the MAHs concerned prove the concrete cause of a competitive disadvantage through disclosure and the resulting use of the data for approval applications of competitors. Such a possibility of use by competitors is not apparent with regard to the ERA in the marketing authorisation. This is because a market competitor cannot use the ERA documents of the original manufacturer for its application without the latter's express consent (letter of access) [17, 50] . If such a letter of access is not available, each applicant must prepare its own ERA or refer to publicly available (peer-reviewed) literature, regardless of the type of authorisation it requests. The ERA documents would also not be "publicly available" through disclosure under the right of access to environmental information. Rather, this can only be assumed once the studies are freely available in the public domain and published by a reputable source preferably peer-reviewed [17, 50, 51] . Therefore, the consent of the person who owns the rights to the ERA documents is also required at this point. The authorisation procedure is subjected to measures to ensure that ERA data are protected against unfair commercial use. This is precisely the case governed by Art. 39 (3) of the TRIPS Agreement:
"Members, when requiring, as a condition of approving the marketing of pharmaceutical or of agricultural chemical products which utilize new chemical entities, the submission of undisclosed test or other data, the origination of which involves a considerable effort, shall protect such data against unfair commercial use. In addition, Members shall protect such data against disclosure, except where necessary to protect the public, or unless steps are taken to ensure that the data are protected against unfair commercial use. "
Consequently, there is no justified interest in secrecy, so that the ERAs are not to be classified in general as CCI. No other conclusion is reached by the EMA, which in cooperation with the HMA has defined general principles for classifying information as confidential [78] . The EMA and the HMA also classify the information submitted with the dossier themselves in a guidance document [79] . The guidance differentiates between:
1. CCI = Commercially Confidential Information, which, as a main rule, cannot be released; 2. PPD = Protected Personal Data, which, as a main rule, cannot be released; 3. CBC = Case-by-Case Analysis, i.e., information which may contain CCI or PPD and which, therefore, require a case-by-case review; 4. CBR = Can Be Released, means that all of the section can be released, always after review.
The dossier section concerning the whole ERA (Module 1.6) is classified as 'CBR' .
The principles have so far only been laid down in a paper for HMPs, but in general they should also apply to VMPs [78] . In particular, in both authorisation regimes, the use of "third-party" environmental documents is only possible with the submission of a letter of access. In this respect, the EMA/HMA guidance document should also be used as an orientation for environmental dossiers of VMPs.
Even if a need for secrecy should be assumed for individual parts of the environmental dossier in the specific individual case based on plausible explanation, this may not apply in any case to the outcomes of ERA (PEC-PNEC values and its underlying ecotoxicity endpoints). After all, these are values of hazard prevention which, in isolation, do not benefit any competitor without its underlying studies and will not aid in the generation of the mandatory GLP studies [80] . The knowledge of the PEC and PNEC values, therefore, does not give rise to any commercial advantage [80] . With regard to the public interest to be taken into account, the PEC and PNEC values and its underlying ecotoxicity endpoints, consequently, cannot be classified as CCI. Otherwise, the interpretation of the reason for refusal "CCI" with regard to pharmaceuticals would be equivalent to an annulment of the right to information. In addition, a pharmaceutical is authorised based on a risk-benefit analysis in which an identified environmental risk is not even taken into account in the case of HMPs and does not necessarily result in a refusal of the authorisation in the case of VMPs. This means that the environmental risk is not sufficiently controlled by the approval law. Thus, this task is passed on to environmental protection law. Then, the information generated in the authorisation must also be available beyond the authorisation procedure. This information is at least necessary to determine whether environmental authorities, responsible for environmental quality, have to take protective and control measures for individual active substances. There is thus an overriding public interest. This conclusion was supported by the British approval authority, which initially rejected the request for access to environmental endpoints but finally granted access after the applicant's objection in 2006 [80].
Discussion
The author has analysed the implementation of the requirements of environmental information law in the marketing authorisation procedure of pharmaceuticals and has shown a conflict in this respect: The confidentiality principle identified in the pharmaceutical sector for environmental information is not compatible with the transparency requirement of environmental information law.
In addition, the data situation at the authorities is in conflict with the environmental information law, as well. The fact, for example, that no complete ecotoxicological data are already available for 88% of pharmaceuticals targeting human proteins [7] is contrary to Art. 5(1)(a) Aarhus Convention, which requires authorities to collect, possess, and update information relevant to their functions. As a result, the right of access to environmental information often fails due to a lack of availability.
To resolve these conflicts between the marketing authorisation procedure and the environmental information law and to eliminate the existing legal uncertainty among the authorities, there is a need for a legal clarification, which stipulate:
• that applicants should merge to jointly prepare or share ERA data on the same API. It should also be possible to replace a necessary agreement with a ruling by an independent body or by the approval authority. • that the above-mentioned regulation also applies to "old" APIs, so that MAHs also have to merge and retroactively prepare an ERA to their "old" API. • that possible CCI can only be classified as CCI with subject to secrecy in the context of authorisation upon application with a substantiated justification as to why publication is detrimental to the applicant's legitimate economic interests. • which data must be excluded from the proviso of secrecy and which must be published. In any case, the results and PECs and PNECs (including all underlying ecotoxicity endpoints) of the ERAs should be excluded from the proviso of secrecy. In principle, the summary or robust study summary of the ecotoxicological studies should be published free of charge on the Internet in the format of an API-based publicly accessible database, unless they have exceptionally been classified as CCI according to the above procedure. In any case, the results, PECs and PNECs (including all underlying ecotoxicity endpoints) of the ERAs should be available in the database on the Internet. The database should be centralised and guided by EMA and/or HMA and the responsible member state authorities.
The regulations already established for industrial chemicals, plant protection products, and biocides for years under REACH Regulation (Titles III and XII); under the Biocides Regulation (Chapters XIV and XV) and under the Plant Protection Product Regulation (Chapters V and VI) can be used as a model in this respect. In addition to the legal regulations, EMA guidelines on data sharing and the associated cost sharing should be issued on the model of the ECHA Guidance on data sharing [81] .
With the establishment of the aforementioned regulations, the public's interest in information based on active substances could be satisfied within the framework of the specified time-limits. Without the need for time-consuming, product-based research and then a month-long administrative procedure with consultation, examination and consideration of CCI and, following this, at least as long a judicial procedure with re-invitation of all third parties involved.
Only with such a legal clarification on the handling of CCI could the generated data also be forwarded to environmental authorities and used to derive EQS (limit values). This would additionally help to improve compliance with the requirements of the Water Framework Directive [82] . Valid, publicly available results of ERAs and endpoints could also help other stakeholders, such as water supply and disposal companies and water authorities, to manage problematic substances [9] and to assess environmental API concentrations in regions outside the EU [2] .
Only if "old" APIs were also covered by this procedure, it could be ensured that the public's right to environmental information in the pharmaceutical sector would not fail and that a conflict with Art. 5(1) of the Aarhus Convention would not remain.
On this basis of the API database, guided by EMA and/ or HMA and the responsible member state authorities, APIs should be prioritised with regard to their environmental risk and a monograph system for prioritised API should be developed.
Finally, the proposed regulations would contribute to a legal harmonisation of European substance law (Pharmaceutical Directives/Regulation with REACH Regulation, Biocides Regulation, and Plant Protection Products Regulation).
Conclusion
According to international and European environmental information law, there is in principle a right of access to the ERAs of pharmaceuticals and their official assessment reports. The rule exemption relationship between transparency (access to information) and secrecy (rejection), as laid down in the environmental information law, is reversed in the pharmaceutical sector, in particular due to the practised blanket classification as CCI by the MAH, without any obligatory rules of procedure or administrative verification. As a result, the MAH could arbitrarily undermine the public's right to information. This is not compatible with the transparency requirement of environmental information law. Even if a need for secrecy should be assumed for individual parts of the environmental dossier, this may not apply in any case to the outcomes of ERA (PEC/PNEC values including all underlying ecotoxicity endpoints). With regard to the public interest to be taken into account in the adoption of a reason for refusal, the secrecy of PEC/PNEC as values of hazard prevention would not be compatible with environmental information law.
In addition, the dissemination of superficial information in the format of the PAR does not fulfil the mandate of active access to information, which explicitly requires the updating and dissemination of ERAs. Also for this, conflicting CCI is partly responsible.
The identified contradiction could be resolved through a publicly accessible database of APIs and their ERA results (including PECs and PNECs and underlying ecotoxicity endpoints). The prerequisites for this are binding rules for data sharing and for classification procedures for CCI. This would be the basis for a monograph system, as under the European regulations on chemicals, plant protection products, and biocides. The database should also be extended to "old" APIs for which environmental risk assessments have not yet been carried out.
The improved accessibility of data will allow developing EQS and risk mitigation measures and further research to be undertaken to reduce systematically the impact of pharmaceuticals on the environment.
Abbreviations API: active pharmaceutical ingredient; CCI: commercially/industrial confidential information; CRED: criteria for reporting and evaluating ecotoxicity data; ECHA: European Chemicals Agency; EIC: environmental introduction concentration; EID: Environmental Information Directive; EMA: European Medicines Agency; EPAR: European public assessment report; EQS: environmental quality standards; ERA: environmental risk assessment; GLP: good laboratory practice; HMA: Heads of Medicines Agencies; HMP: human medicinal product; MAH: marketing authorisation holder; PAR: public assessment report; PEC: predicted environmental concentration; PNEC: predicted no effect concentration; TRIPS: Agreement on Trade-Related Aspects of Intellectual Property Rights; UIG: German Environmental Information Act; VMP: veterinary medicinal product.
